The contractile state of the human myometrium is controlled by extracellular signals that promote relaxation or contraction. Many of these signals function through G proteincoupled receptors at the cell surface, stimulating heterotrimeric G proteins and leading to changes in the activity of effector proteins responsible for bringing about the response. G proteins can interact with multiple receptors and many different effectors and are key players in the response. Regulators of G protein signalling (RGS) proteins are GTPase activating proteins for heterotrimeric G proteins and help terminate the signal. Little is known about the function of RGS proteins in human myometrium and we have therefore analysed transcript levels for RGS proteins at various stages of pregnancy (non-pregnant, preterm, term non-labouring, term labouring). RGS2 and RGS5 were the most abundantly expressed isolates in each of the patient groups. The levels of RGS4 and RGS16 (and to a lesser extent RGS2 and RGS14) increased in term labouring samples relative to the other groups. Yeast two-hybrid analysis and co-immunoprecipitation in myometrial cells revealed that both RGS2 and RGS5 interact directly with the cytoplasmic tail of the oxytocin receptor, suggesting they might help regulate signalling through this receptor.
Introduction
Initiation of labour involves a change from quiescence to regular, forceful uterine contractions. The change is mediated by hormonal, metabolic and intracellular signalling, but the regulatory mechanisms underlying this process are poorly understood.
Information relating to these mechanisms is essential to providing a better understanding of disorders associated with human parturition, such as pre-term labour (Lopez-Bernal and TambyRaja, 2000) . Many of the signalling pathways that regulate contraction and relaxation of myometrial cells involve G protein-coupled receptors (Europe-Finner et al., Page 4 G protein signalling ceases when Gα-GTP hydrolysis returns the heterotrimer to its inactive state. The slow intrinsic rate of GTP hydrolysis by Gα proteins is regulated by interactions with a specific subfamily of GTPase-activating proteins (GAPs) known as Regulators of G protein Signalling or RGS proteins (Ross and Wilkie, 2000; Hollinger and Hepler, 2002; Xie and Palmer, 2007) . Since their discovery in Caenorhabditis elegans (Koelle and Horvitz, 1996) and Saccharomyces cerevisiae (Dohlman et al., 1996) , over 30 different RGS proteins have been identified in mammals, many with spatiotemporal-specific expression (Abramow-Newerly et al., 2006; Xie and Palmer, 2007 ).
There have been several studies into the ability of RGS proteins to regulate contraction in cardiomyocytes (Tamirisa et al., 1999; Mittmann et al., 2002; Snabaitis et al., 2005; Hao et al., 2006) , vascular smooth muscle cells (Tang et al., 2003) and intestinal smooth muscle (Hu et al., 2008) but little is known about their role in myometrium. Microarray analyses have detected expression of several RGS transcripts in human myometrium and a recent study found that expression of RGS12 was upregulated at labour (O'Brien et al. 2008 ). Earlier studies from Soloff and colleagues showed that RGS2 mRNA levels increased in cultured human myometrial cells following stimulation with oxytocin (Park et al., 2002) while RGS2 transcription in rats increased dramatically during pregnancy before being down-regulated at term (Suarez et al., 2003) . However, no investigation of the role of RGS2 was undertaken in either system.
To initiate a more complete understanding of RGS expression in human myometrium, we used semi-quantitative polymerase chain reaction (PCR) to analyse transcript levels for all of the major RGS proteins at various stages of pregnancy (non-pregnant, preterm, term non-labouring, term labouring). Transcripts for many of the RGS proteins were present at low level and did not vary throughout pregnancy, although the levels of RGS4 and RGS16 (and to a lesser extent RGS2 and RGS14) increased in the term labouring samples. RGS2 and RGS5 were the most abundantly expressed isolates in each of the patient groups and we sought to further investigate potential roles for these two RGS proteins in human myometrium. Yeast two-hybrid analysis and co-immunoprecipitation experiments in primary myometrial cells revealed that both RGS2 and RGS5 interact directly and specifically with the cytoplasmic tail of the oxytocin receptor. Our results suggest a potential role for RGS proteins in regulating signalling in the human myometrium.
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Materials and Methods
Subject criteria and selection.
All procedures were conducted within the guidelines of The Declaration of Helsinki and were subject to local ethical approval (REC-05/Q2802/107). Myometrial samples were collected with informed written consent from the following groups of women: (i) nonpregnant (aged 38-48 years) undergoing hysterectomy for dysmenorrhoea (ii) preterm pregnant women (aged 20-30 years) prior to the onset of labour ("preterm") (iii) term pregnant women prior to labour ("term, non-labouring") (iv) term pregnant women following the onset of labour ("term, labouring"). Labour was defined as regular contractions (<3 min apart) plus membrane rupture and cervical dilation (>3 cm) with no augmentation. Samples were taken from the upper edge of a lower segment incision at Caesarean section from women without underlying disease, for fetal distress, breech presentation, previous section, placental praevia, maternal request or failure to progress.
Non-pregnant biopsies were taken from the upper third of the uterine body, approximately 5 mm away from endometrial or serosal surfaces, immediately after hysterectomy. Tissue was snap-frozen in liquid nitrogen and stored at -80 o C. Netherlands) using TOPO TA Cloning Kit (Invitrogen BV). The vector was used to transform DH5α strain of Escherichia coli and plasmids isolated using the QIAprep Spin Plasmid Kit (Qiagen, Crawley, Sussex, UK). PCR products obtained for human RGS1 to RGS16 were sequenced by the di-deoxynucleotide method with double-stranded DNA as template.
RNA analysis
Expression analysis
All PCR reactions were performed in triplicate. The amount of PCR product for each RGS mRNA was compared to the product obtained using primers for calponin. The mRNA levels of calponin do not change with or throughout pregnancy and calponin was Differences were considered significant at P<0.05 level. All analysis was performed with GraphPad Prism version 4.03 (GraphPad Software Inc, San Diego, CA, USA).
Yeast two-hybrid screening
The AH109 Saccharomyces cerevisiae strain and vectors were supplied with the Matchmaker yeast two-hybrid kit (BD Biosciences Clontech, Oxford, UK). The region encoding the C-terminal cytoplasmic domains of the oxytocin receptor (from residue Gly 334 ) and the CRF receptor 1a (from residue Val 370 ) were amplified by PCR and cloned into pGBKT7 to produce in-frame translational fusions to the GAL4 Binding Domain.
The coding regions for full length RGS1, RGS2 and RGS5 were amplified by PCR using the primers in Table 1 and cloned into pGADT7 to produce in-frame translational fusions to the GAL4 Activation Domain. Two-hybrid assays were carried out following sequential transformations of AH109 with pGBKT7-based plasmids and then pGADT7-based plasmids. Co-transformants were maintained on MM (a defined minimal medium lacking leucine and tryptophan) and immunoblotting was used to confirm that the various fusion proteins were expressed. Cell concentrations were determined using a Coulter
Channelyser (Beckman-Coulter, Luton, UK). Experiments to investigate interactions and protein expression were repeated at least three times with different isolates.
Protein analysis in myometrial cells
Myometrial tissue samples were digested at 37 10% FCS, L-glutamine, penicillin-streptomycin (100 U/ml) and amphotericin B (2 µg/ml) and grown at 37 o C in 5% CO 2 . The purity of myocycte cultures was routinely assessed using α-actin and calponin monoclonal antibodies as described previously (Tribe et al., 2000) . All experiments in this study were performed with myometrial cells between
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NaCl, 3 mM EDTA, 3 mM EGTA, 1 mM sodium orthovanadate, 50 mM NAF, 0.5% w/v Triton X-100) and insoluble material removed by centrifugation (10,000 g for 15 min).
Precipitating The blot was incubated with primary antibody for 1 h, washed, and incubated with the secondary antibody for 1 h. Chemiluminescent signals were detected using the ECL detection reagent (Amersham plc).
Results
Expression of RGS1-RGS16 mRNA in human myometrium
Semi-quantitative RT-PCR was used to analyse RGS mRNA expression in different samples of human myometrium, and the results compared to the mRNA levels of calponin (Fig. 1) . The mRNA level of calponin do not change with or throughout pregnancy (Brodt-Eppley and Myatt, 1999; Moore et al., 1999) , providing an appropriate mechanism to control or indicate standardising the study. Nucleotide sequencing confirmed that the PCR products corresponded to the expected RGS targets (not shown).
A comparison of RGS expression levels for the different pregnancy states is shown in Fig. 2 . RGS2 and RGS5 were the most abundantly expressed mRNAs in each of the patient groups, but we also detected transcripts for RGS1, RGS4, RGS9, RGS10, RGS12, RGS13, RGS14 and RGS16. Expression of RGS4 and RGS16, and to a lesser extent RGS14, increased in the term labouring samples compared to all other sample groups.
Expression of RGS2 was also increased in the term labouring samples relative to the preterm and term non-labouring samples, but was not significantly increased relative to the non-pregnant group.
Interactions of RGS proteins with G protein-coupled receptors
RGS proteins are divided into subfamilies based on sequence homology and RGS2 and RGS5 (as well as RGS4 and RGS16) belong to the R4 family (Abramow-Newerly et al., generates ~4.5 Units of -galactosidase activity, while two non-interacting proteins (such as SV40-T antigen and lamin C) generate less than 0.5 Units. Strains expressing the oxytocin receptor generated more than 3 Units of activity with both RGS2 and RGS5, suggesting strong interactions. The lack of interaction between the oxytocin receptor and RGS1, and between any of the RGS proteins and the CRF receptor, suggests that the interactions of the oxytocin receptor with RGS2 and RGS5 are specific.
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The yeast two-hybrid data indicated that the oxytocin receptor interacted with both RGS2
and RGS5, and we sought to determine whether these proteins also interacted in human myometrial cells. Immunoblotting demonstrated expression of the oxytocin receptor, CRF receptor, RGS2 and RGS5 in human primary myometrial cells (Fig. 4) . To investigate co-immunoprecipitation of RGS proteins with G protein-coupled receptors, cell extracts were incubated with a pre-immune antibody or antibodies specific for the oxytocin or CRF receptors and immunocomplexes recovered on protein G-Sepharose beads, eluted in sample buffer, and resolved by SDS-PAGE. Samples were transferred to a PVDF membrane and probed with antibodies to either RGS2 or RGS5.
Immunocomplexes isolated using the antibody to the oxytocin receptor contained both RGS2 and RGS5, indicating that these proteins probably interact within intact cells (Fig.   4 ). In contrast, neither RGS2 nor RGS5 were present in immunocomplexes isolated using the antibody to the CRF receptor.
Discussion
We report the first comprehensive analysis of RGS expression in human myometrium at different stages of pregnancy. RGS2 and RGS5 were highly expressed in all samples, while expression of RGS4, RGS14 and RGS16 increased in the term labouring samples.
RGS2 levels were higher in the term labouring samples than in the preterm and term nonlabouring samples, although it was also relatively high in the non-pregnant sample.
Transcripts for RGS1, RGS9, RGS10, RGS12 and RGS13 were detected at low levels in all samples.
A recent microarray analysis comparing transcriptional profiles of human myometrium at term pregnancy compared with that at labour observed a >5-fold increase in RGS12 mRNA in the labouring sample (expression levels for the other RGS proteins were not reported) (O'Brien et al., 2008) . Why this is different to our findings for RGS12 remains unclear. The only other analysis of RGS expression in myometrium considered only RGS2, showing an increase in mRNA levels in cultured human myometrial cells following stimulation with oxytocin (Park et al., 2002) , and an increase in mRNA levels during pregnancy in rats (Suarez et al., 2003) . Although of interest, neither study is directly comparable to our results on RGS expression.
Our observations that RGS2, RGS4, RGS14 and RGS16 are increased in the term labouring samples are particular interesting given the potential physiological roles that these RGS proteins may play within cells. It has been documented that RGS2, RGS4 and
Page 16 RGS16 all negatively regulate signalling mediated by Gαq/11 and Gαi/o (Hepler, 2003; Willars, 2006; Ladds et al., 2007) . Given that the oxytocin receptor has been shown to couple to both these classes of G protein (Sanborn et al., 1995; Phaneuf et al., 1995) , it is tempting to speculate that the up regulation of these RGS proteins is required to terminate the labouring process. Further, evidence has emerged that some RGS proteins play positive regulatory roles within signalling. For example, it has been demonstrated that expression of RGS proteins can significantly increase the receptor-stimulated activation of both K + and Ca 2+ channels (Tinker, 2008) . It is therefore plausible to suggest that the up regulation, at term, of these RGS proteins, results in increased flux of Ca 2+ ions thereby potentially promoting uterine contractions. Further studies, utilising RGS proteins with modified activities, (either dominant negative (Bansal et al., 2007) or gain-offunction (Hill et al., 2008) ) will be required to elucidate the precise role that each RGS protein performs in the labouring process.
RGS2 and RGS5 belong to the R4 subfamily of RGS proteins (Abramow-Newerly et al., 2006) , members of which are believed to interact directly with their target receptors (Xu et al., 1999; Wang et al., 2002; Cho et al., 2003; Benians et al., 2005) . Yeast two-hybrid analysis and co-immunoprecipitation using extracts from primary myometrial cells confirmed that both RGS2 and RGS5 interacted with the oxytocin receptor. Neither RGS2 nor RGS5 interacted with the CRF receptor. Although there are several reports of the interaction of RGS2 with various G protein-coupled receptors (Hepler, 2003; Zeng et al., 1998; Bernstein et al., 2004; Hague et al., 2005) , we believe this is the first time that RGS5 has been shown to interact directly with a receptor.
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The interaction between RGS2 and the oxytocin receptor is particularly encouraging given that expression of RGS2 is upregulated in response to stimulation with oxytocin (Park et al., 2002) . Taken together, the results are very suggestive that RGS2 may be important in regulating the myometrial response to oxytocin. A similar proposal could also be made for RGS5, and it will be interesting to discover if any of the other RGS proteins expressed in the myometrium also interact with G protein-coupled receptors.
Another challenge will be to investigate whether these interactions have any consequence on the contractile state of the human myometrium. We are encouraged by their ability to regulate contraction in cardiomyocytes (Tamirisa et al., 1999; Mittmann et al., 2002; Snabaitis et al., 2005; Hao et al., 2006) , vascular smooth muscle cells (Tang et al., 2003) and intestinal smooth muscle (Hu et al., 2008) . Sequences for the Sense (S) and Antisense (A) primers for each RGS protein are shown with upper case letters representing sequences from within each RGS target and lower case letters representing sequences included to allow cloning of the PCR products.
Accession numbers (Acc No) are given for each RGS, and the expected sizes of the various PCR products. Table 1 
